B-mode ultrasonography had been shown to be a sensitive method for detecting orbital involvement in Graves'disease (Coleman et al., 1972b; Werner et al., 1974; Forrester et al., 1977) . Previous papers reported a frequent occurrence of ocular muscle swelling in ultrasound detection of Graves' disease (Werner et al., 1974; Forrester et al., 1977) . In these reports, the ocular protrusion was not necessarily parallel to the degree of muscle swelling, based on semiquantitative analysis. On the other hand, several papers showed pathological changes of retrobulbar fat tissue in Graves' exophthalmos (Rundle and Pochin, 1944; Riley, 1972; Smelser, 1937) . In this connection, we attempted a quantitative analysis of acoustical image of orbital soft tissue to determine a possible involvement of retrobulbar fat together with extraocular muscle swelling in Graves' disease. The correlation between proptosis and changes in orbital soft tissue was also analyzed. et al.
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Japon. April1979 (Fig.2) . The extraocular muscles of Graves' patients also appeared clear but the space between retrobulbar fat and orbital walls was increased, indicating the enlargement of the muscles. The volume of the orbit was calculated with the formula as mentioned in Materials and Methods. The orbital volume of the control group was 25.4cm3which closely accorded with the data of measured Japanese orbital volume (24.0-26.7cm3) (Shozi, 1966) . To assess the degree of proptosis in Graves' disease and controls, 113patients
Materials and Methods
of Graves' disease and140euthyroid patient of diabetes mellitus were examined for their proptosis with Hertel type exophthalmemeter.
Proptosis in Graves' disease was significantly Fig from one another but it tended to increase as the degree of proptosis increased. Group IV increased fat volume than any other group significantly (Table3). The correlation between proptosis and the muscle plus fat volume was analyzed and shown to have a close relation (Fig.6) .
The statistically significant correlation was also observed between proptosis and the muscle volume (Y=0.53X-3.60, r=0.663, p< 0.001). No correlation was observed between the muscle volume and laboratory data of thyroid function (serum T4, serum T3, thyroid autoantibodies to thyroglobulin and microsomes, IgG, IgM and IgA) (data not shown). The muscle volume and the Vm/Vf ratio were compared between the group of untreated patients and that of treated patients.
Both value of patients on antithyroid drugs were similar to those found in untreated patients (Table4).
Discussion
High resolution ultrasonography of the orbital soft tissue has been performed in Graves' disease and the quantitative evaluation of the volume of extraocular muscles and retrobulbar fat is attempted. The validity of the assumed formula for calculation of volume is proved by the coincidence of the calculated orbital volume in the control group and the mean value for measured orbital volume of Japanese. In this study, the patients without any eye symptoms were evaluated in order to confirm a frequent incidence of orbital change in Graves' disease. All patients of Graves' disease studied show an enlargement of the orbital muscle. Only2orbits out of62 (3.23%) have a similar volume of their extraocular muscle to those of controls. In a large random sample of Graves' disase, the ocular protrusion was found to be increased beyond normal by about3mm.
It is possible that in most patients in whom no exoph- 
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Japon. April1979 thalmos is diagnosed clinically, ocular protrusion of less than3mm has already been found, through not in their healthy state. Rundle (1964) reported that in wasted subjects the orbital tissue decreased in bulk and the eye became sunken, while in obese subjects the orbital contents were bulky and the eyeball was more prominent than in norml subjects. It is likely that in Graves' disease the bulk change of the orbital tissue compensates for the recession of the eye which is caused by wasting.
Our date also suggest a possible role of the orbital fat tissue leading to eye protrusion. Rundle and Pochin (1944) have reported the increased orbital fat volume together with enlarged extraocular muscles in autopsies of Graves' disease. Werner (1974) suggests that the fatty replacement observed by Rundle and Pochin (1944) might have followed the subsidence of the inflammatory phase. Biopsies of the orbital fat tissue from patients with Graves' disease have shown the focal accumulation of inflammatory cells: lymphocytes (Riley, 1972; Smelser, 1937) . The changes are variable to a great extent between the specimen from different patients. The same changes are also observed by electronmicroscopy (Riley, 1972) . There is an increased guantity of stainable mucopolysaccharide in the interstitial space (Wegelius et al., 1957) .
In this study, the retrobulbar fat volume increased as the proptosis developed. The fact that the Vm/Vf ratio does not change while muscle volume increases indicates that both extraocular muscles and retrobulbar fat swells are in parallel as exophthalmos progresses. Presumably in severer cases, the orbital fat change is an element of the protrusion.
The fatty changes we observed may not be of burned out of muscle swelling which was suggested by Werner (1974) because the patients we studied had no symptoms of extraocular muscle involvement. The proptosis was in close mutual relation with the volume of the muscle or muscle plus fat. The gradient of the regression line differs between two parameters (muscle volume alone: 0.53, muscle plus fat volume: 1.11). An experimental study on the mechanics of exophthalmos was reported by injecting molten paraffi'n wax into the human retrobulbar space post mortem (Rundle and Wilson, 1944) . They plotted protrusion against the increase in orbital volume. The gradient of the line was1.02. The value is in accord with the gradient of the protorusion-volume relationship of muscle plus fat volume.
In conclusion, it is suggested that the increased orbital fat volume is an element of the ocular protrusion.
The proptosis is in close proportion to the quantitative change of the orbital tissue. Even the smallest increase in the bulk of the orbital tissue may cause some protrusion. In diagnosis and following the progress of exophthalmos, a quantitative analysis of the orbital soft tissue based on B-mode ultrasonography is quite useful. For the routine survey of the extraocular muscle change in Graves' disease, calculation of "muscle index" is convenient because of its easiness. Calculation of the Vm/Vf ratio is recommended for detecting the minimal changes of the orbital tissues.
